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Fro. 1. Venezuelan Boarts industrial diamonds exhibiting the characteristic layered crystal 
structure on the octahedron faces. A finished diamond knife edge of 3.5 ram. length is shown 
below mounted in its special metal holder. For comparison, a  specimen grid used in electron 
microscopy has been placed on a corner of the knife. Since the hardness of the diamond is un- 
surpassed and its crystalline structure makes it possible to obtain stable cutting edges of 
molecular thickness, the use of this knife extends the cutting range of the microtome to include 
metals, crystals, and all hard substances which cannot be cut with the currently available steel 
and glass knifes. Moreover, the knives need resharpening only once or twice a year even when 
used constantly, and the chemically inert diamond edge does not contaminate the  specimen 
even when sectioning at higher temperatures. The cutting edge is obtained by cleavage of 
certain industrial diamonds (Venezuelan or Brazilian Boarts) along definite planes, followed 
by special sharpening procedures using ultrafine abrasive powders.  X  about 10. 
F~cs. 2 a, and 2 b. High resolution electron micrograph of ultrathin Boarts diamond parti- 
cles  revealing the lamellar fine  structure of  crystalline diamonds. The  unit  lameUae  (ar- 
rows)  have an estimated average thickness of 10 A, although even thinner diamond fakes 
which cannot be clearly resolved  have  been  isolated by special differential ultracentrifu- 
gation techniques. The existence of these uniform crystalline layers of molecular dimensions 
furnishes the basis for production of the extremely sharp diamond cutting edges  (20 to  50 
A) which are formed by exposing a  stable array of a  few unit layers through cleavage and 
polishing along suitable natural planes. Fig. 2 a, X  96,200; Fig. 2 b, X  72,150. 
FIG. 2 c. The smooth unit lamellae of the diamond particles are stacked up in piles of vary- 
ing thickness which exhibit wavy dark bands corresponding to extinction contours, also re- 
flection images and other electron optical effects representing crystal interference phenomena. 
All micrographs taken with an RCA EMU-3B electron microscope at 100 kv. X  72,150. 
FIG. 2 d. Electron diffraction single crystal cross-grating pattern obtained from the pile of 
diamond lamellae shown in Fig.  2 c, using the selected area diffraction arrangement of the 
EMU-3B electron microscope at 100 kv. Interpretation of these electron diffraction patterns 
(including the Kikuchi line patterns obtained from thicker piles) and correlation with the 
corresponding electron microscope images, will make it possible to extend the analysis of fine 
structure into the  domain of molecular architecture.  A  quantitative determination of the 
spatial arrangement of the carbon atoms and of the other elements found as impurities in 
industrial diamonds will also be possible. Correlation of these results with the already available 
x-ray diffraction data on diamonds should contribute much to a better understanding of the 
composition, structure, and physical properties of industrial diamonds. THE  JOURNAL  OF 
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FIG. 3 a. Photomicrograph of natural edge obtained by cleavage of Venezuelan Boarts dia- 
monds showing characteristic serrulated  cleavage contours, which although quite sharp  are 
nevertheless inadequate for sectioning. X  960. 
FIG. 3 b. Same edge as in Fig. 3 a after completion of the special sharpening and polishing 
process using ultrafme abrasive particles deposited on plane or curved surfaces rotating at 
high speed. Optical tests and examination with the electron microscope indicate that the per- 
fectly regular and extremely sharp cutting edge is actually of molecular dimensions  (20 to 
50 A  average edge thickness).  The diamond cutting edge is chemically inert and  durable, 
maintaining this high degree of sharpness and regularity even after prolonged use. X  960. 
FIGS. 3 c and 4. Micrograph of polished diamond cutting edge taken with a Leitz inter- 
ference microscope. This optical method permits accurate determination of the quality of the 
cutting edge and the regularity of the facet down to 100 to 200 A. Compare the uniform con- 
tours and  regular spacing of the dark  interference bands  indicating a  perfectly plane and 
smooth  diamond  edge  and  facet,  with  the  curving  and  irregularly  distorted  interference 
fringes  (Fig. 4)  corresponding to the submicroscopic irregularities of a  polished steel razor 
edge. Fig. 3 c, X 480; Fig. 4, X  960. 
Fro. 3 d. Polished diamond edge with interference fringes arranged parallel to the cutting 
edge. These interference bands are observed after depositing a uniform thin film of oil on the 
facet of the cutting edge and examining under the microscope with direct iUumination. This 
simple technique makes it possible to detect small cracks and flaws in the edge by observing 
the corresponding distortions and deviations of the regular interference band pattern. ×  1,400. THE  JOURNAL  OF 
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Fla. 5. Special high speed precision grinding machine for producing the extremely regular 
diamond knife cutting edge of molecular dimensions. The device consists essentially of a metal 
disc (scaife)  of adequate hardness rotating at high speeds (10,000 R.I'.M. or more) on a vertical 
spindle journalled in special bearings. The optically flat and highly polished upper surface of 
the disc carries a uniform layer of ultrafine abrasive particles, with an average diameter of 20 
to  50 A, which are  obtained by a  special  differential ultracentrifugation process.  Careful 
balancing of the rotating disc together with other design features of the machine eliminates the 
high frequency vibrations which have hitherto been one of the main limiting factors in obtain- 
ing perfect edges. By means of a magnetically supported holder the rough diamond edge (see 
Fig. 3 a) is applied to the rotating surface in such a way that the ultrafine particles carry out 
their submicroscopic abrading and polishing action along definite crystallographic planes, 
taking care to orient the "preferred" grinding directions of the diamond parallel to the desired 
cutting edge. Although grinding along these optimal directions often involves working on the 
exceptionally hard natural octahedron faces of  the diamond,  this polishing procedure will 
result in bringing out a stable array of the unit crystallographic layers (10 to 20 A thick) to 
form a perfectly regular cutting edge of molecular dimensions. Moreover, since the fine abra- 
sion tracks run parallel to the cutting edge, they will not show up in the ultrathin sections, in 
contrast to the inevitable knife tracks found in steel and other knives requiring sharpening 
perpendicular to the cutting edge.  Even with this specialized equipment the production of 
each diamond knife edge requires exceptional skill and usually takes 2 to 3 days because of 
the frequent occurrence of irregular crystalline inclusions or intrinsic twinning which abruptly 
changes the selected grinding direction. During the polishing process periodic controls of the 
diamond edge quality are carried out by means of daxkfield observations (see Fig. 3 b), micro- 
scopic interferometry (Figs. 3 c, 3 d), and examination of ultrathin sections of plastic-embedded 
specimens and of aluminum with the electron microscope. Only diamond knives producing 
perfectly smooth serial sections of large specimen blocks (0.3 to 1 mm.  2 face area), which are 
equivalent to the best sections cut with glass knives, are now considered satisfactory. However, 
the effort expended is more than compensated for by the subsequent saving in time over a 
period of nearly a year, considering that several million reproducible sections of soft and hard 
specimens can be obtained before resharpening is necessary, the latter being readily performed 
within a few hours. 
FIO. 6. Diamond knife mounted in the special holder for ultrathin sectioning, and (to the 
right) the finished diamond cutting edge embedded in its standard metal base. The polished 
diamond edge is embedded in a special alloy which plays an important role in absorbing vibra- 
tions, and this in turn is firmly soldered into a rectangular stainless steel piece. The cylindrical 
base to which the diamond knife is fastened carries a plastic hood which adequately protects 
the knife when shipping it abroad. The knife holder shown was originally designed for the 
Mor~n ultramicrotome used in this laboratory, but it can be easily adapted to any other type 
of microtome. It is important to carefully insert the rectangular knife carrier of stainless steel 
into the special slot of the holder, ensuring a perfect fit in order to obtain a water-tight con- 
nection and to prevent vibrations of the knife during sectioning, which would rapidly damage 
the cutting edge. Although the diamond knife is extremely durable, it is quite sensitive to 
sharp blows and to the deleterious effect of dust or abrasive particles rubbed against the edge. 
Bearing in mind that we axe after all dealing with a precision edge of molecular dimensions, 
the diamond cutting edge should be treated with the same alert care bestowed upon the glass 
knives, if prolonged usefulness is expected. The choice of the optimal cutting angle is critical 
and must be determined for each type of specimen, after which it remains constant for long 
periods  while using the  same  specimen.  For  sectioning  plastic-embedded  (methacrylate) 
material a knife facet angle of 4045 ° is recommended and a clearance angle similar to the one 
used with glass knives can be taken as a basis for adjustment. Sectioning hard materials and 
metals requires diamond knife facets of 55-65  ° with a correspondingly larger clearance angle. 
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FIG.  7.  Electron micrograph of six ultrathin (0.01  micron average thickness) serial  sec- 
tions of pure germanium used for transistors, which have been cut with the Mor(m uitramicro- 
tome equipped with a  diamond knife. Even very hard brittle metals like germanium can be 
sectioned  as routine into ultrathin layers which although showing certain distortions and 
deformation, can nevertheless be profitably used for electron microscope and electron dif- 
fraction studies. Application of the diamond cutting edges also makes it possible to machine 
all metals at different temperatures to submicroscopic tolerances, producing at the same time 
highly polished surfaces. X  7,600. 
FIG. 8 a. Electron micrograph of single microcrystals (0.5 to 1 micron diameter) found at 
regular intervals among the serial ultrathin germanium sections shown in Fig.  7. These un- 
distorted single crystals which show extinction countours and other crystal interference phe- 
nomena, furnish further proof that the process of sectioning with the diamond knife does not 
produce appreciable distortion in many areas of the specimen. )< 46,200. 
Fro. 8 b. Transmission electron diffraction pattern of the group of microcrystals shown in 
Fig. 8 a~ using the  selected  area  diffraction arrangement  of  the  EMU-3B  electron micro- 
scope working at  100 kv.  Important crystallographic data leading to identification of the 
impurities in the specimen can be derived from a  quantitative evaluation and interpretation 
of these diffraction diagrams. 
FIG. 9 a. High resolution electron micrograph of single microcrystals found in germanium, 
which exhibit extinction contours, periodic fringe patterns, and other crystal interference phe- 
nomena. )<  115,400. 
Fro. 9 b. Transmission electron diffraction patterns obtained from a  few microcrystals in 
the area shown in  Fig. 9 a,  using  the  selected  area  diffraction  arrangement  of  the  RCA 
EMU-3B  electron microscope working at  100 kv.  Correlation of these diffraction patterns 
with the corresponding electron microscope  images furnishes valuable information on the 
molecular structure and spatial arrangement of the atoms in specimen samples of submicro- 
scopic dimensions. These techniques illustrate the new fields which have been opened through 
the application of the diamond knife to ultrathin sectioning of hard solids. 
Adjustment of the meniscus level of the fluid in the collecting trough with respect to the dia- 
mond edge is also important in order to avoid compression of the sections. Once the diamond 
knife has been adjusted for optimal results in a  given microtome it should only be removed 
every 2 to 3 weeks for microscopic control of the edge. It is further recommended that the same 
segment of the cutting edge be used for sectioning during extended periods, moving gradually to 
the adjacent segment as the knife tracks become noticeable. A diamond knife edge never be- 
comes truly "blunt" (unless it is shattered by heavy impact), like glass or steel knives, since 
the submicroscopic unit layers of the crystal will always be exposed by wear to form sharp, 
though irregular cutting ridges which give rise to knife tracksJ 
1 These knives are at present distributed upon request to all scientific research laboratories 
interested in exploring the uses of the diamond knives for special problems. When the knife 
tracks have become too pronounced, repolishing of the edge is necessary and since this requires 
special equipment and training, it is recommended that the knife be sent back to the Institute 
for regrinding which is rapidly carried out here. THE JOURNAL OF 
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FIG. 10.  Phase contrast  micrograph of  thin  (ca.  2 microns) transverse section  through an  un- 
decalcified  femur of the rat.  This section  is  an example of the relatively  large  hard specimens 
which can be cut for  control  purposes with the same diamond knife  used for  ultrathin  section- 
ing.  The corresponding series  of  ultrathin  sections  already mounted on an electron  microscope 
grid is shown in the upper right  corner.  If care is exercised,  a diamond knife with a suitable 
facet angle (preferably 55-60  °  ) can be used for preparing alternately sections of the same speci- 
men for phase contrast and ultrathin sections for electron microscopy which facilitates cor- 
relation of the results. Prolonged sectioning of undecalcified bone with the  diamond knife 
does not alter the quality of the cutting edge, but seems instead to actually sharpen it slightly, 
presumably due to the whetting effect exerted by the oriented apatite crystallites embedded 
in the collagen matrix of bone. 
Osmium-fixed undecalcified bone embedded in hard (methyl) methacrylate. X  144. 
FIG.  11. Electron micrograph of ultrathin longitudinal section cut with a  diamond knife 
through undecalcified rat femur showing an  osteocyte  surrounded  by  the  collagen matrix 
of the bone lamellae. The fine structure of the nucleus and cytoplasm of the osteocyte contained 
within a  lacuna of an Haversian system can be clearly discerned. Longitudinal sections of 
several canaliculi branching out from the lacuna can also be made out. The undistorted ap- 
pearance of this preparation is partly due to the harder consistency of the plastic embedding, 
which is necessary when sectioning bone or metal. Osmium fixation, methacrylate embedding. 
X  5,700. 
Fro.  12.  Enlarged segment of Fig.  11  showing the connective tissue matrix of the hard 
interstitial substance adjacent to the osteocyte. Compact bundles of fibers exhibiting an axial 
periodicity of 660 A typical of collagen are seen intimately associated with dense submicro- 
scopic crystallites oriented in an orderly array  along the fiber axis following the collagen 
periodicity. The rod-shaped crystallites which are approximately 60 A in diameter and 220 A 
long exhibit a typical hydroxyapatite diffraction pattern when examined within the section by 
means of selected area electron diffraction techniques. Since the serial ultrathin sections through 
any region of undecalcified bone can be easily prepared with the diamond knife, the analysis 
of bone ultrastructure can now be pursued on a broader and more systematic basis. Osmium 
fixation, methacrylate embedding.  X  53,000.  (EMU-3B electron microscope working at 100 
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FIGS. 13 and 14. Enlarged areas from Fig. 11 showing the fine structure of the hard intersti- 
tial bone substance. The orderly orientation of the hydroxyapatite crystallites aligned with 
their axis parallel to the fiber axis along the characteristic bands of the collagen periodicity is 
clearly seen. In each hydroxyapatite rod there seem to be indications of a finer periodicity of 
55 to 60 A and 110 to 120 A respectively; the rods appear also capable of splitting longitu- 
dinally into subunits approximately 30 A in diameter. However, further studies are required in 
order to confirm these observations and arrive at an adequate interpretation of the complex 
molecular structure of bone. X  141,000. 
FIG.  15.  Electron micrograph of ultrathin transverse section through a  segment of un- 
decalcified rat femur which is adjacent to a lacuna of an Haversian system. Longitudinal and 
cross-sections of the interlacing connective tissue fibers, incrusted with hydroxyapatite micro- 
crystallites to form the hard interstitial substance, are discernible. The cross-sectioned fiber 
bundles appear  as a  regular network of polygonal particles,  approximately 20 to 30 A  in 
diameter. This may correspond to the transverse sections of the unit hydroxyapatite crystal- 
lites, but since the complex interactions of the osmium tetroxide fixation and  of  the  meth- 
acrylate embedding with the fine structure of undecalcified bone are not yet known, all these 
observations must await further studies. These micrographs serve to illustrate, however, the 
potential value of ultrathin sectioning of bone with the diamond knife for direct visualization 
of the molecular organization of bone. Osmium fixation, methacrylate embedding. X  73,000. THE  JOURNAL  OF 
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FIGS. 16 a and 16 b. High resolution electron micrographs of ultrathin longitudinal sections 
through the myelin sheath of  central nerve fibers of  the mouse.  These ultrathin sections 
(average thickness, 100 A) show interesting details of the characteristic laminated structure 
corresponding to the concentrically arranged lipide and lipoprotein layers of the nerve fiber 
myelin sheath. The dense lines which stain intensely with osmium are approximately 40 A 
thick and appear in several areas to consist of two very fine lines of 15 to 20 A  each. The 
•  'tverage separation of the dense lines is 130 to  140 A  which is in good agreement with the 
fundamental period of 180 A  determined in fresh nerve fibers by the small angle x-ray dif- 
fraction method (Schmitt, Bear, and Finean) if the modifications introduced by the prepara- 
tion techniques are taken into consideration. In the middle of the light space between each pair 
of dense lines a thin, granular intermediate line, approximately 15 A wide, can be clearly dis- 
cerned (single arrows). The light spaces alternating between the dense lines exhibit numerous 
dense minute particles which show no indications of regular alignment in the radial direction. 
In the myelin sheath of central nerve fibers the region surrounding the axon is often clearly 
delimited from the adjacent outer zone by a  continuous pair of dense double lines (double 
arrows) with an average spacing of 80 A. Thalamus of the mouse (C57 L  strain) fixed  with 
phosphate-buffered (pH  7.2)  osmium  tetroxide  solution.  Methacrylate-embedded specimen 
sectioned with Mor~ln ultramicrotome. X  365,500. 
FIGS.  17  and  18.  High resolution electron micrographs of  ultrathin transverse sections 
through central nerve fibers of the mouse showing the highly regular concentric laminated 
structure of the myelin sheath. These micrographs illustrate the preservation of fine structure 
despite the numerous knife tracks which frequently result in the production of localized thinner 
areas furnishing important complementary structural information. Thus; in the areas crossed 
by knife tracks the fine double structure of the dense lines is more clearly discernible, as well 
as the discontinuous, granular character of the intermediate lines. Notice that the regular dis- 
position of the laminated structure, the demarcating dense double  lines, and the faint  inter- 
mediate lines found in each light space are perfectly preserved. Thalamus of the mouse (C57 L 
strain) fixed with phosphate-buffered (pH 7.2)  osmium tetroxide solution. Methacrylate-em- 
bedded  specimen  sectioned  with Mortin ultramicrotome.  Fig.  17,  X  259,700;  Fig.  18,  X 
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FIG.  19. Electron micrograph of transverse ultrathin section through several retinulae of 
the compound eye of the tropical moth Erebus. Large numbers of serial sections through whole 
insect eyes with their tough chitin components can be prepared with the diamond knife, with~ 
out affecting the sharpness and regularity of its cutting edge. The rosette-shaped individual 
retinulae consisting of 6 to 7 rhabdomeres are completely surrounded by bundles of tubular 
structures with an average diameter of  1 micron. The rhabdomeres exhibit a  characteristic 
internal laminated structure. These sections illustrate the wide range of applications of the 
diamond knife in the study of the internal fine structure of insects, which can now be readily 
sectioned despite their tenacious chitin framework.  Specimen fixed in buffered osmium tetrox- 
ide solution, methacrylate-embedded, and sectioned with MorAn ultramicrotome. X  4,800. 
FIGS. 20 and 21.  Ultrathin transverse sections through 2 rhabdomeres of a single ommatid~ 
into from the house-fly eye Showing the characteristic internal laminated structure. In Fig. 20 
this internal structure is represented by approximately forty transverse oblique dense lines 
alternating with light spaces with a regular period of 500 to 600 A. The dense lines show a com- 
plex fine structure and seem to be cross-linked by faint lines arranged at regular  intervals. 
This cross-linking is much more marked in Fig. 21 where a typical fenestrated internal frame- 
work is clearly visible. The longitudinally oriented lamination predominates in certain types 
of rhabdomeres, while the fenestrated appearance corresponding to discs interconnected by a 
three dimensional network is found in the other type of rhabdomere. Specimen fixed in  buf- 
fered osmium tetroxide solution and methacrylate-embedded. Fig. 20, X  28,800;  Fig. 21,  X 
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